Experimental studies of transcriptional regulation in bacteria require the ability to 26 precisely measure changes in gene expression, often accomplished through the use of reporter 27 genes. However, the boundaries of promoter sequences required for transcription are often 28 unknown, thus complicating construction of reporters and genetic analysis of transcriptional 29 regulation. Here, we analyze reporter libraries to define the promoter boundaries of the 30 luxCDABE bioluminescence operon and the betIBA-proXWV osmotic stress operon in Vibrio 31 harveyi. We describe a new method called RAIL (Rapid Arbitrary PCR Insertion Libraries) that 32 combines the power of arbitrary PCR and isothermal DNA assembly to rapidly clone promoter 33 fragments of various lengths upstream of reporter genes to generate large libraries. To 34 demonstrate the versatility and efficiency of RAIL, we analyzed the promoters driving 35 expression of the luxCDABE and betIBA-proXWV operons and created libraries of DNA 36 fragments from these loci fused to fluorescent reporters. Using flow cytometry sorting and deep 37 sequencing, we identified the DNA regions necessary and sufficient for maximum gene 38 expression for each promoter. These analyses uncovered previously unknown regulatory 39 sequences and validated known transcription factor binding sites. We applied this high-40 throughput method to gfp, mCherry, and lacZ reporters and multiple promoters in V. harveyi. We 41 anticipate that the RAIL method will be easily applicable to other model systems for genetic, 42 molecular, and cell biological applications.
Introduction

140
(a.k.a., Gibson assembly) (15) (16) (17) . This method enabled us to simultaneously amplify fragments 141 of varying lengths and clone them into a vector backbone to create a library in four simple steps 142 ( Fig. 2) . First, arbitrary primers were used in a preliminary round of PCR in conjunction with a 143 primer that specifically anneals to the promoter (Fig. 2, primer 1F ). Four arbitrary primers were 144 synthesized with eight sequential random nucleotides anchored at the 3' end with two specific 145 nucleotides: AA, TT, AT, or TA (Table S1 ). Each of these four primers also contains a linker at 146 the 5' end ( Fig. 2, primer 1R ). The first round of PCR produced a range of products that varied 147 in length from 100 to >3000 bp and that appeared as faint smears of products as expected for 148 random priming (Fig. 2) . For some loci, no smear could be visualized by gel electrophoresis 149 after the first round of PCR, but this did not impact the success of the second round of 150 amplification.
151
In the second step, the products from round 1 were further amplified using a nested 152 primer (primer 2F), and a linker was added with homology to the plasmid backbone (Fig. 2) . The 153 second round of PCR using these primers was performed with the products from round 1 as 154 templates. Primer 2R anneals to the linker on primer 1R. This second step served to increase 155 the amount of DNA product and to add a linker to the 5' end. Each reaction in round 2 produced 156 a smear of products that contained homology to the plasmid backbone at their 5' and 3' ends ( Fig. 2) . The smear of products can also be gel extracted to the desired size. In the third step, 158 the plasmid backbone was PCR-amplified to form a linear product (Fig. 2) . In the fourth and final 159 step, IDA was performed to clone the promoter fragments into the plasmid backbone, and the 160 mixture was transformed into E. coli to obtain isolated clones (Fig. 2) .
162
Defining the 3' boundary of the luxCDABE operon using RAIL
163
We used the RAIL method to generate a large library of plasmids with promoter 164 fragments fused to gfp. This library had fixed 5'-ends and varying 3'-ends generated by 165 combining PCR products from four arbitrary primers, as shown in Figure 2 , and inserts ranging 166 from ~50 to >1,000 bp. We screened for gfp activation using fluorescence-activated cell sorting 167 (FACS) . The libraries were sorted by FACS into four groups: no GFP expression, low GFP 168 expression, medium GFP expression, and high GFP expression ( Fig. 3A) . Illumina sequencing 169 of the plasmid DNA from these pools enabled us to visualize the 3' terminal end of the region 170 cloned into the plasmid by graphing the location of the sequencing coverage (42 bp) and the 3' 171 terminal nucleotides (Fig. 3B, Fig. S2A ). From these graphs, we pinpointed the boundary in the 172 luxCDABE promoter required for maximum expression and showed the expression profile for 173 promoter fragments across the entire locus ( Fig. 3B, Fig. S2 ). The plasmids containing promoter 174 fragments that terminated at nucleotide +129 (relative to +1, the start of the luxC ORF) were 175 highly enriched in the 'high expression' pool, and plasmids in the 'no expression' pool were 176 specifically de-enriched in this same location (Fig. 3B, Fig. S2A ). A DNA fragment that 177 terminates at +129 includes LuxR sites A, B, C, D, E, F, and G (6). The observation that LuxR 178 site H was not included in this region of 'high expression' is consistent with previous findings 179 that site H is non-essential for transcription activation at high cell density in V. harveyi (6). The
180
'high expression' pool had a clear 3' boundary at +129, which is 16 bp upstream of LuxR site H.
181
We conclude from these data that fragments with 3' ends longer than +129 were decreased in 182 reporter gene expression. There is also a clear edge where sequencing coverage drops off for the 'high expression' pool at -55 ( Fig. 3B ). However, the exact minimum boundary cannot be 184 determined because we did not use every combination of anchor nucleotides in the arbitrary 185 primers. The 'medium expression' pool contained sequences that terminated at +199, which is 186 located 32 bp beyond LuxR site H (Fig. 3B ). Plasmids with promoter fragments that extended 187 throughout the luxC ORF past +199 had low levels of expression, whereas plasmids without 188 GFP expression were limited to promoter regions upstream of -55 ( Fig. 3B ). We conclude that 189 long promoter fragments decrease GFP expression and are not suitable reporter plasmids. We 190 also conclude that plasmids containing promoter fragments shorter than -55 are not sufficient to 191 activate transcription. Collectively, these data located the DNA region that is necessary and 192 sufficient for maximal transcription activation (-393 to +129), validated previous findings that
193
LuxR sites A through G are required for activation of luxCDABE (6), and defined the expression 194 profile for the luxCDABE locus in the context of a transcriptional fusion to gfp.
196
Defining the 3' boundary of the betIBA-proXWV operon using RAIL
197
We next used the RAIL strategy to construct reporter clones for the betIBA-proXWV 198 operon using a different fluorescent reporter, mCherry. We screened the promoter clones 199 individually before using the high-throughput flow cytometry method to analyze the library.
200
Approximately 40 plasmids were screened by restriction digest for inserts of varying sizes, and 201 the inserts were sequenced to determine the size of the inserted region. We observed that 202 plasmids containing regions shorter than the predicted transcription start sites did not show any 203 activation compared to the empty vector control strain ( Fig. 4B, pCH28 as an example).
204
However, plasmids with larger regions that extended into the betI ORF were activated by LuxR, 205 such as pCH50 and pCH72 ( Fig. 4B ). Plasmids containing the entire betI gene also did not 206 display activation (Fig. 4B, pCH75 ).
207
We synthesized a large library of betIBA-proXWV promoter fusions to mCherry using 208 RAIL. It is important to note that only one arbitrary primer was used to generate this library, 209 which limited the range of PCR products across the locus. This library of clones was sorted by 210 FACS for those that maximally expressed mCherry (Fig. 4C ), and the Illumina sequencing 211 coverage and 3' terminal nucleotides of the DNA in the two pools was graphed ( Fig. 4D, Fig. 
212
S2B). Sequencing analyses revealed the minimum 3' boundary for the betIBA-proXWV 213 promoter to be at -13 ( Fig. 4D, Fig. S2B ; relative to +1, the start of the betI ORF), suggesting 214 that the -46 transcription start site is the primary site for this locus. The 'high expression' pool 215 contained plasmids with DNA fragments up through the first portion of the betI ORF at +25, 216 which then tapered off ( Fig. 4D, Fig. S2B ). Plasmids with fragments that extended more than 217 half-way through the betI gene displayed low or no expression. Collectively, these data showed 218 that similarly to the luxCDABE locus, transcription reporters were functional if they contained 219 DNA fragments past the 3' boundary near the transcription start site. However, longer fragments 220 extending into the ORF decreased reporter gene expression.
222
Versatility of the RAIL method for cloning with other promoters and reporter genes
223
We also successfully used the RAIL technique to generate a promoter library using the 224 lacZ reporter for another V. harveyi gene, VIBHAR_06912, which encodes a transcription factor.
225
VIBHAR_06912 expression is repressed by LuxR (19) , and this is likely indirect repression 226 because there are no detectable LuxR binding sites in this region (5). Using RAIL, multiple 227 clones with varying promoter lengths were generated as transcriptional fusions to lacZ, and 228 strains were assayed for β-galactosidase activity in V. harveyi (Fig. 5A ). All of the plasmids with 229 long promoter lengths were repressed by LuxR in the wild-type strain compared to the DluxR 230 strain ( Fig. 5B ). Conversely, a plasmid with a short fragment (pJV342) showed the same level of 231 β-galactosidase activity in the wild-type strain as in the DluxR strain ( Fig. 5B ). Thus, we 232 conclude that we again generated functional promoter fusion plasmids for this promoter for 233 future studies of gene expression and regulation of VIBHAR_06912.
235
Reporter gene affects measurement of gene expression 236
We noted that for each of the three promoters we studied, plasmid constructs that 237 contained promoter regions that extended into the ORF of the first gene had variable levels of 238 expression. For example, the pJV365 plasmid that included 407 bp of the luxC gene only 239 expressed GFP ~2-fold more in the presence of LuxR than in its absence ( Fig. 1B ). This is in 240 contrast to plasmid pMGM115 from the Miyamoto et al. study that contains the full luxC ORF 241 and displays maximal activation of the cat gene (~50-fold more than truncated promoters) (9).
242
To examine these contradictory results further, we constructed plasmids containing the entire 243 luxC gene and its promoter region driving expression of gfp, lacZ, or mCherry ( Fig. 1A, 6A ).
244
These constructs contained the intragenic region between luxC and luxD (15 bp), and the 245 reporter gene was cloned in place of the luxD ORF ( Fig. 6A ). We observed that the lacZ and 246 mCherry plasmids were activated 16-to 20-fold, whereas the gfp construct was only activated 247 1.6-fold by LuxR in E. coli (Fig. 6B ). The gfp (pSO05) and mCherry (pSO11) plasmids had 248 similar levels of activation when the plasmids were introduced into wild-type V. harveyi, though 249 neither were expressed maximally ( Fig. S1A ).
250
We hypothesized that the observed decrease in activation with longer fragments might 251 be due to instability of the transcript when the luxC ORF is present upstream of the gfp reporter.
252
Thus, we constructed mCherry reporter plasmids containing the same four luxCDABE promoter 253 fragments that were fused to gfp in Figure 1A and assayed these in E. coli (Fig. 6C, Fig. S1A ).
254
We verified that the shortest region tested (2 bp past the primary transcription start site) was 255 sufficient for activation, and there were minimal differences in expression with constructs 256 containing the three shortest promoter fragments with all three being activated >50-fold ( Fig. 257 S1C). However, as seen with GFP, plasmids with longer promoter fragments (e.g., pJV366 with 258 407 bp of the luxC ORF) yielded a lower level of mCherry expression ( Fig. 6C , activated 17-259 fold), which was similar to the construct containing the entire luxC ORF (Fig. 6B, pSO11 , 260 activated 17-fold). The same trend was observed in V. harveyi for these mCherry plasmids (Fig. 261 S1B). Thus, we conclude that constructs containing long fragments of the luxC ORF indeed 262 decrease expression of downstream reporters, for some of which large decreases occur (i.e., 263 gfp). This result is not observed with expression of the luxCDABE operon in vivo; the expression 264 levels of each of the five genes in the operon are similar and do not differ by more than 2-fold 265 from one another (19).
266
To examine these results, we measured transcript levels of gfp for several P luxC reporter 267 plasmids in E. coli. The relative transcript levels of gfp from qRT-PCR measurements were high 268 for the three plasmids containing short regions of the luxCDABE promoter, but as seen with 269 GFP expression measurements, levels of gfp transcripts dropped ~25-fold from the pJV365 270 plasmid containing 407 bp into the luxC ORF compared to pJV369 ( Fig. 6D ). Thus, we conclude 271 that the decrease in GFP expression is due to a decrease in transcript levels, which may be 272 caused either by transcript instability or a decrease in transcription initiation or elongation in 273 plasmids with long promoter fragments (e.g., pJV365). We did not observe a decrease in gfp 274 transcript levels with pJV367 as observed with GFP expression ( Fig. 1B ), suggesting that the 275 decrease in GFP expression may be due to constraints at the post-transcriptional or 276 translational level. These results indicate that testing multiple promoter fusions is beneficial for 277 identifying a promoter-reporter fusion that functions in vivo to mimic expression from the native 278 locus.
280
Discussion
281
We have developed the RAIL method for rapid construction of promoter fusion plasmids 282 and demonstrated that this approach can be applied to multiple promoters and reporter genes.
283
The RAIL strategy can be used to quickly generate a few reporters or to create large libraries of 284 promoter fusions for high-throughput analysis of the regions that drive transcription activation.
285
The method requires simple cloning steps, and once the system is designed for a particular plasmid backbone, only two locus-specific primers are needed. For our plasmid backbone, we 287 designed arbitrary primer sets for creating fusions to gfp, mCherry, and lacZ that can be used 288 with any gene locus (Table S1) , and these primers can be easily modified for use in any plasmid 289 with a reporter gene.
290
Our library sets revealed several important findings with regard to the expression profiles 291 for the luxCDABE and betIBA-proXWV promoters. First, we validated previous work describing 292 the requirement for LuxR binding sites in these promoters (5, 6, 9, 14) . Second, we identified 293 the promoter region that is required for high levels of transcription activation for these two 294 promoters. We did not resolve the 3' boundary to a specific nucleotide locus in these 295 experiments because we did not use every combination of anchor nucleotides in the arbitrary 296 primers and restricted our analysis to combinations of A and T pairs. However, with this 297 resolution we clearly found a marked difference in plasmids containing various fragments of the 298 promoters such that we could identify the largest region necessary and sufficient for maximum 299 gene expression. Smaller fragments may be sufficient to drive the same level of gene 300 expression, which can be tested with the full series of anchor nucleotides in the arbitrary 301 primers. Further, future studies could use the same approach to map the 5' boundary of these 302 two promoters, which is a separate but intriguing question.
303
Third, our data conclusively demonstrate that there is no requirement for the region 304 downstream of the transcription start site for full activation of the luxCDABE promoter. This 305 finding is important because a previous study by Miyamoto et al. also tested promoter regions 306 for luxCDABE via a cat promoter (9). Among the various constructs tested in that study, the 307 pMGM127 plasmid contains a region truncated slightly upstream of the -26 transcription start 308 site (the specific 3' end is undefined in the article) and the pMGM116 plasmid includes a 3' end 309 at +61 relative to the luxC start codon (Fig. 1A) . The shorter promoter in pMGM127 shows no 310 transcription activation, whereas the longer promoter in pMGM116 had full activation of the cat 311 reporter (9). These data and other observations have led to an anecdotal hypothesis in the field that there is an element downstream of the transcription start site that is required for full 313 activation of the luxCDABE promoter. Our data refute this hypothesis because the pJV369 314 plasmid does not include the 5'-UTR and is maximally activated in both E. coli and V. harveyi.
315
Finally, our analysis of various promoter-reporter fusion plasmids demonstrated that not 316 all reporter fusions are created equal and suggests that testing various reporter constructs for 317 each gene of interest is beneficial to finding the optimal reporter for downstream assays. We 318 noted that plasmid constructs with long fragments of the luxCDABE and betIBA-proXWV 319 promoters that included sections of the first ORF in the operon were substantially decreased in 320 expression, and we showed that this is effective at the transcript level for luxC-gfp fusions (Fig.
321
6D). However, we also noted that the strains containing the pJV367 plasmid that had a 322 decrease in GFP fluorescence did not exhibit a decrease in gfp transcript levels (Fig. 6C ). This 323 result implies that the 7-fold decrease in GFP fluorescence is due to post-transcriptional or 324 translational effects, such as mRNA secondary structure that may block translation initiation.
325
There are at least two possible reasons why plasmids containing long fragments of the 326 luxCDABE promoter have decreased transcript levels. One possibility is that transcripts 327 generated with fragments of the luxCDABE operon fused to the gfp gene may fold into unstable 328 secondary structure and be subject to degradation. However, we suspect that this explanation is 329 unlikely to be the cause of low expression for every plasmid with a fragment longer than +129, 330 as we would predict that at least some would be stable. A second possibility is that LuxR 331 binding to site H is acting as a roadblock to transcription elongation, which results in the abrupt 332 drop in GFP expression after site H. Previously, we showed that scrambling site H does not 333 decrease LuxR activation of b-galactosidase expression in a luxC-lacZ reporter plasmid under 334 conditions in which LuxR is maximally expressed at high cell densities in V. harveyi (6).
335
However, the results of our expression profiling experiment in E. coli with the luxCDABE 336 promoter library suggests that plasmids that contain LuxR site H have decreased levels of 337 transcription activation and are strictly in the 'low GFP expression' pool ( Fig. 3B ). LuxR has an extremely high affinity for site H with a K d of 0.6 nM, one of the tightest LuxR binding affinities in 339 the genome (5). Thus, it is curious why LuxR binds at this locus with no apparent activation 340 defect when tested at high cell density in V. harveyi.
341
Protein roadblocks have been described in bacteria and eukaryotes that hinder 
361
In conclusion, the RAIL method offers a rapid and efficient method to obtain libraries of 362 reporter fusions that can be used for various studies of gene expression and regulation. Often in 363 bacterial genetics, researchers attempt to create promoter fusions by cloning a reporter gene in place of the translation start site, and this would have yielded suboptimal reporters for the 365 luxCDABE promoter. Anecdotally, and as we experienced with the betIBA-proXWV and 366 luxCDABE promoters, one often needs to construct multiple reporter fusions to identify a 367 promoter region that drives gene expression mimicking native locus gene expression. Thus, our 368 method is more efficient by generating numerous clones in a single cloning experiment. We 
378
Bacterial strains and media 379 E. coli strains S17-1lpir, DH10B, and derivatives (Table S2) were used for cloning and 380 in vivo assays. E. coli strains were grown shaking at 275 RPM at 37°C in lysogeny broth (LB), 381 augmented with 10 µg/mL chloramphenicol and 10 µg/mL tetracycline when required. The V.
382
harveyi BB120 is strain ATCC BAA-1116, which was recently reassigned to Vibrio campbellii 383 (24) . It is referred to as V. harveyi throughout this manuscript for consistency with previous 384 literature. BB120 and derivatives (Table S2 ) were grown at 30°C shaking at 275 RPM in LB 385 Marine (LM) medium supplemented with 10 µg/mL chloramphenicol when required. LM is 386 prepared similarly to LB (10 g tryptone, 5 g yeast extract) but with 20 g NaCl instead of 10 g 387 used in LB.
389
Molecular methods
Oligonucleotides (Table S1) 
400
and incubated shaking at 30°C at 275 RPM for 16-18 h. Fluorescence and OD 600 from strains 401 expressing mCherry and gfp were measured using either a BioTek Synergy H1 or Cytation plate 402 reader. Miller assays were conducted as previously described (6). RNA extraction and qRT-
403
PCR were performed and analyzed as described (14) with primers listed in Table S1 modifications. The first round of PCR was conducted using two primers: a forward primer 412 specific to the promoter of interest and a reverse primer for random DNA amplification (Fig. 2,   413 primers 1F and 1R, respectively). The 1R primer includes a priming sequence, followed by eight 414 random nucleotides ('N'), and terminating in two defined nucleotide anchors, either AT, TA, TT, 415 or AA (Table S1 ). For PCR round 1, ~10-100 ng/µl of genomic DNA from V. harveyi BB120 or a plasmid containing the region of interest was added as the template. The reaction included 200 417 µM dNTPs, 250 µM primers, 5% DMSO, 0.5 µl Phusion polymerase, and 1X Phusion buffer.
418
Cycling parameters were as follows and as previously published (25): an initial denaturation at 419 95°C for 5 min, then 5 cycles of 95°C for 30 s, 25°C for 30 s, and 72°C for 2.5 min, followed by 
433
Cloning of arbitrary PCR inserts into the plasmid backbone was performed using IDA as 434 described (15). Library inserts were incubated in IDA reactions with 100 ng of plasmid 435 backbone, and these reactions were transformed into electrocompetent E. coli Electromax 436 DH10B cells (ThermoFisher) and plated on media with selective antibiotics. DNA from individual 437 colonies was first screened by restriction digest and sequenced to confirm that inserts of the 438 desired size were incorporated. For generation of libraries for sorting, >50,000 colonies were 439 collected from plates, mixed in LB selective media, and the culture stored at -80°C. DNA 440 extracted from this library was transformed into electrocompetent E. coli S17-1lpir cells containing a plasmid expressing luxR (pKM699). After this second transformation step, >50,000 442 colonies were collected from plates, mixed in LB selective media, and the culture stored at -443 80°C.
445
Flow cytometry sorting 446 A BD FACSAria II was used to sort E. coli cells based on expression of the fluorescent 447 reporter. In preparation for the sort, the library culture from the frozen stock was grown in 50 mL 448 of selective medium at 30°C shaking to OD 600 = 0.5. DNA was extracted from this culture as the (Table S1 ). In round 1, a C-tail specific 472 primer olj376 and a gene-specific primer (CH060 for the gfp library, and CH063 for the mCherry 473 library) were used to amplify the promoter fragments that were cloned into the plasmid during 474 the RAIL method. This PCR reaction used Taq polymerase (NEB), with the following cycling 475 conditions: an initial denaturation at 95°C for 2 min, then 24 cycles of 95°C for 30 s, 58°C for 30 476 s, and 72°C for 2 min, and a final extension step of 72°C for 2 min. The round 2 PCR used a 477 nested gene specific primer (CH061 for the gfp library, and CH064 for the mCherry library) to 478 provide added specificity and also to append the linker sequence needed for Illumina 479 sequencing. The second primer in the reaction contained different barcodes for each sample to 480 enable the libraries to be pooled and sequenced simultaneously (Table S1 ; BC37-44). The 481 round 2 PCRs were performed using Taq polymerase, and cycling as follows: an initial 482 denaturation at 95°C for 2 min, then 12 cycles of 95°C for 30 s, 52°C for 30 s, and 72°C for 2 483 min, and a final extension step of 72°C for 2 min. These final PCR products were examined by 484 DNA gel electrophoresis, at which point a smear of products was visible on the gel.
485
Sequencing was performed on a NextSeq 500 using a NextSeq 75 reagent kit using 486 42bp x 42bp paired-end run parameters and gene specific primers (CH062 for the gfp library, 487 and CH065 for the mCherry library). Reads were checked with FastQC (v0.11.5; Available 488 online at: http://www.bioinformatics.babraham.ac.uk/projects/fastqc) to ensure that the quality of 489 the data was high and that there were no noteworthy artifacts associated with the reads. The R1 (Table S1 ). The products of the round 1 618 reactions were used in round 2 with primers SO72 and JCV1139 (Table S1 ). In PCR round 1, primers 1F and 1R were used to amplify a range of products specific to the luxC promoter. The 1R primers have eight random ('N') nucleotides incorporated, are anchored by two nucleotides (AA, AT, TA, or TT), and contain a linker (shown in blue). In PCR round 2, the 2F and 2R primers were used to further amplify and add a linker to the products. Primer 2F anneals just downstream of 1F and contains a linker (shown in green). Primer 2R anneals to the linker region of primer 1R. The linear plasmid backbone was prepared either by restriction digest or PCR. The library of products was inserted into the linear plasmid backbone via IDA using the homologous sequences present in the two linker regions (green and blue). The final plasmids contain fragments of the luxC promoter fused to the reporter. Gel images shown are examples of products from PCR rounds 1 and 2 for the luxCDABE locus using arbitrary R1 primers JCV1135-1138 and F1 primer SO71 in round 1 (Table S1 ). The products of the round 1 reactions were used in round 2 with primers SO72 and JCV1139 (Table S1 ). Relative mCherry expression per OD 600 (mCherry/OD 600 ) is shown for E. coli strains as calculated by dividing the values for the pKM699 strain by the pLAFR2 strain. The strains contained plasmids with varying betIBA-proXWV promoter fragments fused to mCherry as indicated in (A). (C) FACS data showing mCherry expression for three E. coli cultures: 1) a negative control strain containing pCH76 and pKM699, 2) a positive control strain containing pCH50 and pKM699, and 3) the P betIBA-proXWV library in E. coli containing pKM699. Gates indicate the cells sorted (% of total population) into two bins: no mCherry expression and high mCherry expression. (D) Genomic regions associated with differential expression of the betIBA-proXWV locus. The nucleotide coverage of the reads (42 bp) is shown for different populations of cells with distinct levels of or mCherry reporter expression as indicated in the legend. Data are graphed as the nucleotide position (x-axis) versus the log 2 -ratio of observed coverage density divided by the expected coverage density (as determined by the read counts observed in the total library; y-axis). Areas with positive values in log 2 observed/expected coverage densities indicate an enrichment of sequence reads in that region, and areas with negative values indicate lower than expected frequency reads. The thick black bar indicates the location of the luxC ORF. The locations of LuxR and BetI binding sites are indicated by white boxes. The locus to which the 2F primer anneals is indicated by an arrow. Figure 5 . Relative expression of reporters (GFP, mCherry, and LacZ) is shown for E. coli strains containing either a plasmid constitutively expressing LuxR (pKM699) or an empty vector (pLAFR2). Relative expression was calculated by dividing the values for the pKM699-containing strain by the pLAFR2-containing strain. LacZ expression was determined by modified Miller assays, and GFP and mCherry expression were assayed using a plate reader. (C) Relative expression of mCherry (mCherry/OD 600 ) is shown for E. coli strains containing either pKM699 or pLAFR2, calculated as described in (B). (D) Relative transcript levels of gfp determined by qRT-PCR for E. coli strains containing either pKM699 or pLAFR2, calculated as described in (B).
